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SUMMARY

The ash produced by incinerating combustible solid waste is

composed of fragile aggregates of small (<2 pm diameter)

particles. The size of aggregates in an aerosol resulting from

this ash will depend more on the circumstances causing the

aerosol than on the incineration of the waste to produce the ash.

Studies reported in the literature indicate that any aerosol left

undisturbed for a few minutes following its formation will

consist of particles having a geometric mean diameter ranging

from 0.4 to 1 pm with an average geometric standard deviation of

2 due to coagulation and sedimentation.

Plutonium will be distributed throughout the ash as small

discrete concentrations. Thus, many of the smaller particles will

contain undetectable quantities of plutonium. The proportion of

those with plutonium to those without plutonium will depend on the

overal1 concentrateion.

At concentrations of about 10 pCi/g, most particles >6 ~m in

diameter will contain plutonium, however, some plutonium present in

particles >20 pm in diameter may not be detectable.
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INTRODUCTION

When combustible solid waste is burned in an incinerator,

inorganic elements end up as ash. The elemental composition and,

to some extent, microscopic appearance of the ash will depend on

the incinerated material, If plutonium is present, it will also

become part of the ash. A knowledge of the physical properties

and chemical composition of ash from the burning of solid waste

containing soluble plutonium is essential to the evaluation of the

hazards from such an operation.

A standard mixture of combustible materials, characteristic

of solid waste, was spiked with soluble plutonium nitrate and

burned by the Solid Waste Technology Group. The properties of ash

particles produced by this operation were measured to support

their studies of solid waste combustion.

POTENTIAL AEROSOL FOWTION

The aerosol resulting from a release of solid waste ash to

the environment must involve what happens to the ash after it is

released.

Ash Formation

The ash residue is composed of small particles, <2pm in

diameter, sintered into large fragile aggregates by the combustion

-6-



of waste material. As the waste material is heated, volatile

organics evaporate and the material begins to darken as the

not-so-volatile organics begin to oxidize to carbon. At

temperatures above 500”c, the carbon oxidizes to carbon dioxide .

A lacy network of white inorganic ash, more or less coherent,

forms as the carbonaceous material oxidizes away. This network

may be recognizable as paper, cotton, or plastic ash because the

basic structure remains. Near 1000”c, the sintering point is

reached. The lacy network begins to collapse into white glassy

particles which may include gas bubbles. The composition of the

different ash materials is not the same. Thus , some of the

glasses may become fluid enough to release the trapped bubbles and

produce clear glassy spheres . If not agitated during this

process, the elemental compositions of the particles should

reflect those of the initial material.

The size of the sintered aggregates of ash particles released

to the environment will depend on the circumstances of the

release and the treatment

release. Some a~gregates

pulverized into particles

information.

Aerosol Properties

When dispersed

of the ash before, during, and after the

may remain whole; others may be

too small to bear any structural

into the atmosphere, some particles, having

.

the proper size and density to produce an aerosol will remain

suspended. An aerosol is, by definition, a mixture of gases and

particles that exhibit some stability in a gravitational field(l).
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Aerosol particles are currently classified into three modes:

those with diameters <0.1 ym in the

diameters between 0.1 and 2.0 #m in

those with diameters >2.0 Wm in the

nuclei mode, those with

the accumulation mode, and

coarse mode (2). Particles in

the nucIei mode are formed in nature by the condensation of low

vapor pressure substances such as metallic vapors or partially

oxygenated aromatics. Particles of the nuclei mode (e.g. Aitken

nuclei) are transformed into particles of the accumulation mode by

either gas-particle or particle-particle interactions . Particle-

particle interactions or coagulation is governed by Brownian

diffusion and occurs very rapidly. At concentrateions exceeding

~08/cm3, aggregates of small primary particles are formed

within milliseconds. Because particle size distributions in

aerosols are rarely monodispersive, coagulation usually occurs

bet~{eenunlike size particles.

Coarse particles arise primarily from mechanical processes,

both naturally (windblown dust, sea spray, etc.) and

anthropogenically (fly ash, conuninuti”eprocesses , etc.). Most

coarse particles are emitted close to the earth’s surface, where

they are removed by gravitational settling and washout before

being transported very far.

Particles in the accumulation mode are not strongly affected

by either coagulation or settling and are transported long distances

(about 103 km). The distribution of aged particles tends to be

unimoda1, the nuclei mode particles having been removed by

-8-
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coagulation and the coarse particles

distributions of aged particles have

by settling, Measured

a geOmetric mean size by

volume or mass ranging from O .4 to 1 wm, with an average geometric

standard deviation of 2 (3 and 4).

Thus should solid waste ash aggregates be released and broken

and its particles dispersed into the environment, within minutes,

the smaller particles will coagulate with each other and other

particles in the atmosphere and the larger particles will settle

out due to the influence of gravity. Only those in the

accumulation mode, between 0.4 and 1 Wm in diameter, will remain

in the resulting aerosol.

CO~OSITION OF COMBUSTIBLE SOLID WASTS AND ITS ASH

The amount of plutonium in each ash particle was determined

by observing fission-fragment tracks produced by it in a

polycarbonate film. The probable source of selected particles was

appraised by their microscopic appearance under a scanning

electron microscope and elemental composition determined by X-ray

energy spectrometry. To do this some information about the

composition of the waste and its ash was needed.

The Waste Composite

Solid combustible waste from plutonium facilities consists of

an indeterminable mixture of objects made of paper, plastics,

rubbers , cotton, and adhesives To simulate a representative

sample of such waste, five components, listed in Table 1 with the

weight percents of the mixture, were shredded and mixed.
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The Ash

Elemental analyses

components were made by

of the ash from each of the separate

spark source mass spectrometry (5) Ten-

gram batches of waste from each component, except the polyethylene

bags, were weighed into a 250-mL porcelain crucible. The samples

were pyrolyzed in air using a Meeker burner. The crucibles were

placed in a preheated muffle furnace and maintained at 1000”C for

one hour. To provide sufficient ash from polyethylene bags , a

100-g batch was weighed into a porcelain dish. After pyrolysis,

the residue from the polyethylene bags was transferred to a

crucible before being placed in a muffle furnace. This procedure

produces ashes which are light, very fragile aggregates of very

small particles (<2 pm in diameter). The size of these aggregates

depends on how the ash is handled.

The ash from the cellulose, latex, and polyethylene components

represented less than 1.5% of the total weight of the uncombusted

material. The ash from the polyvinyl chloride shoe covers and

neoprene gloves represented between 8 and 10% of the weight of the

initial material and thus would be

the ash material.

Elemental analysis of the ash

expected to contribute most of

from each of the separate

components was made by spark source mass spectrometry. The

results of these analyses are given in Table 2. Calcium

concentrations were found in the ash from only three components :

in the cellulose component from calcium hypochlorite used to

-1o-
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bleach the cotton, in the polyvinyl chloride component from calcium

sterate used as a stabilizer, and in the latex component from

calcium used as a reinforcing agent Titanium concentrations were

found in the ash from only two of the three components containing

calcium: In tbe cellulose component from titaium dioxide used as a

filler in the paper in atomic wipes, and in the polyvinyl chloride

component from the white colorant and ultraviolet stabilizer in the

shoe covers. Iron concentrations were found in the ash from only

the cellulose and polyethylene components . Zinc concentrateions

were found in only the ash from the latex and neoprene components .

In the ash from the polyethylene bags, high concentrations of

silicon were found from the silica gel catalyst substrate used to

manufacture polyethylene. Ash from the neoprene component

contained high concentrations of magnesium due to MgO used as an

accelerator to increase the rate of vulcanization. From this

information a key, given in Figure 1, was developed to identify the

source of individual isolated particles of ash.

Test Analyses of the Ash

To see if the source

x-ray energy spectrometry,

of ash particles could be identified by

ash aggregates were taken from each of

the different components These aggregates were crushed on

pyrolytic graphite planchets . The resulting particles were then

photographed using the scanning electron microscope and their

elemental composition determined by x-ray energy spectrometry.
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The elemental composition of particles of ash from the

cellulose component varied considerably from one particle to the

next as wel 1 as from the composition found by spark source mass

spectrometry. Figure 2 shows three magnifications of cellulose

component ash and the five particles selected for analysis .

Figure 3 is a picture of a 5 pm diameter particle (particle ~ in

Figure 2). Below the picture is an X-ray energy spectrum showing

a high concentration of silicon. From this and its iron peak,

this particle might be considered to be ash from polyethylene if

it did not have calcium present. Yet, there should be titanium

present to classify it as ash from the cellulose component. The

top particle in Figure & is almost entirely irOn. Particles below

it have high silicon concentration and less iron. Calcium is not

observed except in the bottom particle. Atomic wipes contain a

layer of polyethylene and this group of particles may have come

from this layer rather than the cellulose of the cotton and paper

present.

The elements found in polyvinyl chloride ash were more

uniformly distributed and correspond to those found by spark

source mass spectrometry. Figure 5 shows two magnifications of

ash from polyvinyl chloride shoe covers

spectrum from one particle showing that

principally of calcium and titanium and

and the X-ray energy

it was compo,sed

that no iron was present .

Figure 6 shows two higher magnifications of the same ash. The

spectrum of a particle near the outer boundary of particles

-12-



indicates that it also contains calcium and titanium and no iron.

The spectra above the pictures are those of the background among

the particles and beyond the boundary.

Tne key developed from spark source mass spectrometry can

also be used to identify ash from latex gloves. The top two

pictures in Figure 7 are different magnifications of ash from

latex gloves. The bottom pictures are still higher magnifications

of areas marked by the two small squares in the upper right

picture. The larger square is the area covered in Figure 8. With

the exception of a small amount of iron in one particle near the

boundary in Figure 8, all agree with the elemental compositions

found by spark source mass spectrometry.

Figure 9 shows three magnifications of ash from polyethylene

bags. The elemental composition

like that from cellulose, is not

was found from spark source mass

in Figure 9 is covered in Figure

of the ash from polyethylene,

uniform and does not match what

spectrometry. The bottom square

10. Although three of the four

particles analyzed.in this figure show major silicon ueaks, three

also contain titanium, two contain a trace of zinc, and one

contains calcium, which makes its elemental composition resemble

that of cellulose ash. Figure 11 covers the area of the small

square in Figure 9. In this figure, one particle contains a high

titanium concentration. The other is a siliceous diatom frustule.

Diatoms are a cheap and inert filler for plastics Although

milled for this use to fine fra~ents, the characteristic shape is

still apparent.
-13-



Ash particles from the combustion of neoprene, like those

from polyvinyl chloride and latex, are uniform as to their

elemental composition and can be identified by their relatively

high magnesium concentration. Figures 12 and 13 show ash from

incinerated neoprene gloves at various magnifications. All

analyses but one show high magnesium and silicon concentrateions.

One particle contained sufficient aluminum to mask the magnesium.

Thus, measurements using ash from individual components

indicate that the ash from polyvinyl chloride shoe covers , latex

gloves, and neoprene gloves can be identified from their x-ray

energy spectra. Asb from atomic wipes and polyethylene bags

cannot be distinguished with certainty by their elemental

analyses.

PLUTONIUM DISTRIBUTION IN ASH

To see how plutonoum is distributed in ash from incinerated

solid waste, plutonium was added to a sample of the standard

mixture. The sample was incinerated, the ash crushed, and ash

particles with and without fission-fragment tracks were separated.

The source of each particle was then identified by x-ray energy

spectrometry.

Sample Preparation

Two microcuries of 239PU(N03)4 in lM HN03 was added

to 5 g of the standard mixture, described in Table 1, to simulate

combustible solid waste. This sample was pyrolyzed in air and

ignited for one hour at 1000”C as the individual components had

-14-



,,.

been done earlier. A l-mm diameter aggregate of this ash was

placed in a l-d Thomas tissue grinder with a Teflon pestle. The

aggregate was grOund in 1 mL of 40% (v/v) 1,Z-dichloroethane in

dichloromethane solution. Polycarbonate was added to the solution

and the solution was evaporated on a 50-mm square glass plate to

form a clear polycarbonate film containing the particles. The

cast film was irradiated with a measured thermal neutron fluence

in the order of 9 x 1014 neutrons /cm2’. Fission fragments

produced tracks when the film was etched for 10 minutes in 6N NaOH

at 52”-55”c (6-9) which radiated

containing plutonium.

Particle Selection and Mounting

from imbedded particles

About 60% of the particles produced fission fragment tracks

in the polycarbonate film, indicating that they contained

239p” . The other 40% produced no tracks.

Eleven particles producing fission-fragment tracks and twelve

particles having no tracks were photographed using a light

microscope, excised from the film, and mounted on a pyrolytic

graphite planchet. Excess polycarbonate film was dissolved

removed from around the particles using 1,2-dichloroetbane.

particle was then photographed using a scanning electron

microscopy

Particle Identification

and

Each

The elemental composition of each particle was determined by

x-ray energy spectrometry and this information used to identify

the component of the standard mixture which produced it.
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The X-ray

Figures 14 and

with light and

energy spectra for these particles are given in

15 along with photographs taken of the particles

scanning electron microscopes. To aid in comparing

the results, the background was subtracted from the height of each

peak and the sum of the resulting heights was normalized to 100.

From the relative abundance of the elements present in each ash

particle, the most likely component producing the ash was selected

using the key given in Figure 1. The elemental composition of

each particle of ash and the component of the waste from “hi~h it

aPPears tO have originated are given in Tables 3 and 4.

Plutonium Content

The apparent plutonium content of each particle was measured

by counting the number of fission-fra~ent tracks surrounding it.

From past experience (8), one fCi (1015 Ci) of low-irradiation

plutonium containing 94% 239Pu should produce about 26.5

fission fra~ent tracks when exposed to a fluence of 9 x 1014

thermal neutrons per cm2. Thus , the number of fCi in each

particle was determined by dividing the number of fission fra~ent

tracks by 26.5.

Particle Size and Weight

The conventional method of

detertine volume and mass could

using particle diameter to

not be used with these ash

aggregates, for what initially was selected as a single, almost

spherical particle broke apart during processing to produce many

-16-



smaller irregular shaped particles having a smaller total volume

than the original aggregate. This can be seen in Figures 14

and 15 where closely packed aggregates pictured in the

polycarbonate film appear as disordered clusters after the

polycarbonate has been

The volume of the

by the total volume of

n pieces, or—

removed.

initial particle was therefore approximated

ellipsoids having similar dimensions as its

where Ai , Bi, and Ci are the lengths of the axes of the ith—

piece in pm. Most of the pieces were considered to be prolate

spheroids (A >B=C), although some were oblate spheroids (A=B <C)

and spheres (A=B=C).

The mass of the particles was calculated assuming the density

of incinerator ash to be 2.4 gfcm3 = 2.4 pg/pm3 (10).

The specific activity in Ci/g was then calculated by taking

the ratio of the activity to the mass or

SPA. (pCi/g) = ~ . 103

For comparison, an effective radius, ~, for each particle

was calculated from the total volume assuing the particle to be

a sphere or

s“ 1/3

()
~=G
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In Table 5, the particles are

increasing effective radii and the

arranged according to

calculated mass, plutonium

activity, and specific activity for each given.

DISCUSSION

Before the data were critically analyzed, the plutonium

appeared tO be unevenly distributed with about 40Z of the

particles containing none. From the component source of each

particle, as determined from elemental analysis, the soluble

plutonium appeared to be absorbed on porous materials like

cellulose (Table ,3) and to be repelled from nonporous materials

like polyethylene (Table 4) . Thus, the plutonium was uniformly

distributed at the particle level but nonuniformly distributed as

the sample level.

However, the arrangement

a more plausible explanation.

activity of plutonium appears

effective radius. This could

of the data in Table 5 may provide

In this table, the specific

to decrease with an increasing

result from tbe plutonium being

nonuniformly distributed at the particle level.

Katcoff et al.(11) give the range of fission fragments from—.

239Pu in air at 15°c and 76o nunHg of between 1.8 and 2.7 cm

depending on the mass number of the fragment with 2.5 cm for the

most probable light mass and 1.9 cm for the most probable heavy

mass. The ranges for fission fra~ents in polycarbonate, quartz,

and Pu02 calculated using the Bragg-Kleeman Rule are given in

Table 6. Here the maximum range of a fission fra~ent in quartz

-18-
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is 13.7 pm. Thus , a polyethylene ash particle having a radius

greater than 13.7 pm would not be expected to produce fission

fragment tracks from plutonium located in its center. In Table

none of the 12 particles selected as not having tracks have

effective radii less than 7.0 #m and 9 of 12 have radii greater

than 11 ~m.

The specific activity of the smaller particles also appear

be what would be expected if the plutonium were uniformly dis-

tributed. Assuming that 10% of the weight of polyvinyl chloride

and neoprene and 1.5% of cellulose, polyethylene, and latex is

ash, the overall ash concentration of simulated combustible waste

would be 4 .4% if the components are proportioned according to the

distribution given in Table 1. Thus, 5 g of the standard mixture

will yield 0.22 g of ash. Two WCi of plutonium added to this

sample would result in a specific activity of 9.1 WCi/g of ash.

The specific activities given in Table 5 approach this value for

only the smaller particles. As the effective radii increase the

specific activity decreases. The one exception to this relation-

ship occurred with particle number P-10 in Figure 14d. This

particle was situated so that the plutonium protruded above the

polycarbonate film and produced fission- fragment tracks over

100 Lm from the particle.

This phenomenon can be explained geometrically by considering

the plutonium to be a point source radiating fission-fragment

tracks in all directions in an essentially infinite polycarbonate

5

to

-19-
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medium. If the tracks form a sphere with plutonium at the center,

the particle containing the plutonium will obscure some of the

tracks. The fraction of the total number of tracks which will be

counted, :, can be approximated by the ratio of the area of the

zone of the sphere which can be seen to the total area of the

sphere or

27Rh h
f=——

4nR2 = 2R

where h = the altitude of the zone, and

R = the range of the tracks.

The altitude of the zone can be related to the range of the tracks

and the radius of the particle, ~, by

h = 2(R2-~2)1/2.

Thus , as the radius of the particle approaches the range of the

tracks, the fraction of the tracks observed approaches zero.

If the medium is not infinite and the point source of

plutonium is a distance, g, above the polycarbonate surface, the

altitude of the zone is

h = (R2-r2)1/2 - d.

If the medium is air above

polycarbonate itself, then

the polycarbonate rather than the

R>>r and R>>d. Under these conditions,

h~Randf= l/2. Thus , the specific activity for this Darticle

was calculated assuming that only half the fission-fra~ent tracts

were counted.
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To see how well these geometrical limitations

observations fit the data, the range of the tracks

to track

were calculated

from the ratio of the observed specific activity to 11.7 Ci/g, the

specific activity calculated for particle number P-10, using the

effective particle radius. These calculated values , which range

from 4.5 to 9.6 Wm are given in Table 5.

The specific activity for those particles with tracks being

about the same as the specific activity calculated for the ash as

a whole, supports the concept that the pl”toni”m is distributed

throughout the ash. The large particles, selected because they

did not produce tracks, probably contained plutonium in locations

where tracks could not be observed. There were large particles

which produced tracks, which were not selected for analysis.

The plutonium was not distributed homogeneously in the ash,

but as very small discrete concentrations . This concept is

supported by the geometry of the

that most small (<1 Wm diameter)

track configurations and the fact

particles contained no plutonium.
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TABLE 2

COMPOSITION*OF ASH FROIIINDIVIDUALI!ASTECOMPONENTSBY
SPARK-SOURCEMASS SPECTROMETRY

CELLULOSE POLYVINYL
ATOMIC CHLORIDE

ELEMENT l/IPES SHOE COVERS

,
N AL
fN
8 SI

3

6

8

6

P 5

CA 24 39

TI 8 35

FE 12

ZN

BA 2

TOTAL 96 99

*v/EIGHT PERCENT OF ALL ELEMENTS CONSTITUTING

CARBON, OXYGEN, AND NITROGEN.

LATEX POLY-
RUBBER ETHYLENE
GLOVES RAGS

41. 7

3

32 79

8

6

96 97

1 WT % OF THE ASH EXCLUDING

NEOPRENE
GLOVES

76

13

9

2

100
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TABLE 3, ELEMENTALCOMPOSITIONOF PARTICLESWITH FISSIONFRAGMENTTRACKS

PARTICLE

P-1

P-2

P-3

P-4

, P-5
?
, P-6

P-7

P-8

P-9

P-lo

P-n

MG
.

15

19

9

11

12

1.6

17

AL—

9

18

7

7

18

14

28

20

SI

10

19

19

5

10

21

16

42

16

87

CA
.

44

19

18

41

45

29

20

27

9

18

7

TI

35

15

22

52

50

45

29

27

5

22

FE—

3

2

2

6

CL
—

11

19

2

4

7

COMPONENT

CELLULOSE

CELLULOSE

CELLULOSE

POLYVINYL CHLORIDE

POLYVINYL CHLORIDE

POLYVINYL CHLORIDE

POLYVINYL CHLORIDE

POLYVINYL CHLORIDE

POLYVINYL CHLORIDE

POLYVINYL CHLORIDE

LATEX



TABLE 4, ELEMENTALC@MPOSITION OF PARrICLESWITtlOUTFISSIONFRAGMENTTRACKS

PARTICLE

s-1

s-2

s-3

s-4

s-5

‘ S-6

: s-7

s-8

s-9

s-lo

S-II

S-12

MG

28

25

30

12

28

AL
—

21

sI CA
—

72 -

75 -

70 -

45

12 49

41

1 47

54

33 20

69 -

9

TI—

55

39

59

52

46

6

FE
—

CL
—

7

3

100

91

COMPONENT

POLYETHYLENE

POLYETHYLENE

POLYETHYLENE

POLYVINYL CHLORIDE

POLYVINYL CHLORIDE

POLYVINYL CHLORIDE

POLYVINYL CHLORIDE

POLYVINYL CHLORIDE

POLYVINYL CHLORIDE

POLYETHYLENE

UNCERTAIN

UNCERTAIN
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TABLE 5

The Weicihtand P1utonium Content of Twentv-three
Particl;s of Combustible Waste Ash

Pwtic Ze
Number

P-5

P-1

P-II

P-6

P-4

P-7

P-2

P-1o

P-3

S-11

s-7

P-8

S-12

P-9

S-8

s-l

s-2

s-3

s-lo

S-6

s-5

s-4

s-9

Effeetive
Radius
(pm)

3.1

3.2

4.2

4.5

4.6

5.5

6.3

6.6

6.8

7.0

7.0

8.5

9.4

9.6

11.9

12.1

12.9

14.0

14.0

17.5

21.4

Component

Pvc

Cellulose

Latex

Pvc

Pvc

Pvc

Cellulose

Pvc

Cellulose

Uncertain

Pvc

Pvc

Uncertain

Pvc

Pvc

Polyethylene

Polyethylene

Polyethylene

Polyethylene

Pvc

Pvc

Veiqht
(rig)

0.3

0.3

0.7

0.9

1.0

1.7

2.5

2.9

3.2

3.5

3.5

6.2

8.5

8.8

14.7

17.9

21.4

27.4

27.6

55.2

98.0

22.4 Pvc 112.4

26.0 Pvc 176.9

Activit~
(f Ci)

3.4

2.8

3.0

2.7

2.4

6.6

4.5

34.4

5.7

7.2

7.5

Specific Track
4ctiuit2j B
(uCi/g)

11.0

8.5

4.2

3.2

2.4

3.8

1.8

11.7*

1.8

1.2

0.9

9.1

4.7

4.5

4.7

4.7

5.8

6.4

6.9

8.5

9.6

*Calculated assuming that half the fission-fragment tracks are counted.
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TABLE 6

The Range of Fission Fragments in Air,
Polycarbonate, Quartz, and PU02

Heavy
Media tiss

Air (m) 19.4

Po1ycarbonate (pm) 12.9

Quartz (urn) 10.7

PU02 (pm) 4.3

Light
Mass

24.8

16.5

13.7

5.5
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FIGURE1, KEY FOR TtlEIDENTIFICATIONOF A
COMBUSTIBLEWASTE COMPONENTFROM THE ELEPIENTAL
COMPOSITIONOF ITS ASH,

CELLULOSE
POLYVINYLCHLORIDE
LATEX
POLYETHYLENE
NEOPRENE

!~
CELLiJLOSE
POLYVINYLCHLORIDE
LATEX

‘h
LATEX CELLULOSE

POLYVINYL

+

FE

CHLORIDE

NO FE

1
CELLULOSE POLYVINYL

POLYETHYLENE
NEOPRENE

HIGH SI HIGH ~!G

LOW tl~ LOW SI

POL’iETHYLENE NEOFRENE

CHLORIDE
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Figure 2. Incinerator ash from cellulose atomic WipeS

magnified lQOX, 200X, and 500X showing loca-

tion of XES anal::ses.
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Mg, ~,, Ca, Fe

Fjaure 3. Fragment ~ of incinerator ash frOm

cellulose atomic \#ipeslmagnified 5000X.
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Figure 4. Fragments ~, ~, ~,
of incinerator ash
from cellulose atomic
wipes magnified 5000X.
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/’BackgrOti~d
l-” ~’”’” 4

Background

Figure 6.

Incinerator ash fror:polyvinyl
chloride siioe covers magnified
2000X and 50013X
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Mg, ~, Ca, Zn Si, Ca, Zn

Figure 7. Incinerator ash from latex
gloves magnified lOOX, 200X, and
5000X.
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1-.,, !:

~, Ca, Fe, Zn

Fiaure 8. Incinerator ash from latex gloves
magnified 1000X and 5000X. ‘

-35-



,,.

Figure 9. Incinerator ash from
polyethylene bags
magnified 50X, 100X,
and 200X.
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~, K, Ti, Zn .
‘,...

Si, Ca, Ti, Fe—-

Figure 10. Incinerator ash from polyethylene
bags magnified 500X.

-37.



Figure 11.

Si

Incinerator ash from polyethylene

bags magnified 2000X.
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Mg, Si-
1

-. I

Xg, Si

Figure 12.,

Incinerator ash from neoprene gloves

magnified lOOX, 500X and 5000X.
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:: ,. 1

Mg, Si

Fiaure 13. Incinerator ash From neoprene
gloves magnified 100X, 500X, and
5000X
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